1J-1L and 1JЈ-1LЈ and
). This data demonstrates the source of parapineal precursors, we reasoned that ablation of these cells should result in an absence of a that parapineal precursors are located bilaterally in the dorsal epithalamus within the anterior-most region of parapineal organ. We therefore used laser pulses to ablate flh:eGFP cells on one or both sides of the anterior flh expression.
If anteriorly positioned flh-expressing cells are indeed dorsal epithalamus. As flh:eGFP is a poor marker of the In nal branching, as the number of parapineal cells is rather small (13.5 Ϯ 2 cells expressing foxD3:GFP at 96 hpf; n ϭ 19).
The Habenular Nuclei Originate from Ventral
Habenular asymmetries are characterized by the left Epithalamic Cells habenula developing a larger area of neuropil than the flh:eGFP-expressing cells do not significantly contribute right habenula, particularly within the medial and dorsal to the habenular nuclei (Table 1) -1O and 1MЈ-1OЈ and Table  to the habenular commissure and distribute extensively 1). These results demonstrate that, at 24 hpf, precursors toward medial and dorsal regions of this nucleus to of the left and right habenula are positioned within the encompass the area of the left habenula that displays left and right ventral epithalamus, respectively. Altoasymmetric neuropil (Figure 4) . Altogether, these results gether, our fate mapping studies indicate that around 24 indicate that the development of neuroanatomical asymhpf parapineal and habenular precursors are contiguous metry in the habenulae is coordinated both in time and and, on the left side of the brain, both sets of precursors space with the development of efferent parapineal conare likely to be influenced by Nodal activity. nectivity.
Parapineal Precursors Migrate to the Left Side of the Brain and Innervate a Region of the Left The Laterality of Parapineal Asymmetry Is Disrupted by Selective Removal of Ventral Cells Habenula that Develops Asymmetric Neuropil
We have previously shown that the laterality of parapifrom the Left Epithalamus By definition, the unilateral innervation of the left habenneal and habenular asymmetries is strongly coordinated . In order to better understand the ula by parapineal axons contributes to the lateralization of the habenular nuclei. Indeed, complete removal of temporal and spatial coordination of parapineal and habenular asymmetries, we performed confocal volumetric the parapineal organ at 28-30 hpf (when it is already Figure 2D″Ј ). In addition, embryos lacking paralso often reduced due to the close proximity between the parapineal anlage and the ventral epithalamus. As apineal efferents through ablation of flh:eGFPϩ parapineal precursors in the anterior epithalamus frequently the severity of these defects was directly correlated with the quantity of cells ablated (data not shown), we still exhibit differences in the extent of neuropil ( Figure  2DЈ ) between left and right habenulae (Figure 2 and focused our analyses on ablations localized to a subset of cells positioned immediately ventral to the flh:eGFP Table 2 ). Therefore, although the parapineal contributes to habenular laterality, our results suggest that there expression domain. In these cases, the overall morphology of the epithalamus was unaffected and the number is no absolute requirement for a parapineal organ to establish differences between left and right habenular of parapineal cells only mildly reduced (Table 3) . Parapineal asymmetry was disrupted in 68% of emnuclei.
We next asked whether asymmetric migration and/or bryos following ablation of left ventral epithalamic cells Table 3 ). Removal of an equivalent hest1 is normally expressed bilaterally in the habenulae but shows more intense expression in the dorsomedial group of ventral cells from the right epithalamus had no effect on parapineal asymmetry (Table 3 and benula was transformed into a nucleus with left characis not fixed at the time of ablation and show that local tissue interactions between the left and right epithalateristics, this was usually accompanied by migration and connectivity of the parapineal organ toward the right mus are able to determine forebrain laterality. epithalamus (9/11 embryos; Figures 5DЈ and 5D″). In these experiments, we did not assess whether the left Ventral Epithalamic Ablations Impose Handedness upon Embryos that Normally habenula showed left-or right-sided character due to the reduction of neuropil after ablation. In contrast to Exhibit Heterotaxia In wild-type embryos, ablation of left-sided ventral epithe laterality reversals induced by left-sided removal of habenular precursors, ablation of right ventral epithathalamic cells sometimes leads to reversal of epithalamic laterality. We next wished to address whether such lamic cells had no effect on the laterality of habenular neuropil and only minor effects on hest1 expression ablations could impose laterality in embryos where the outcome of the laterality is not already biased to the (Figures 5BЈ and 5B″Ј and Table 4) .
Altogether, these results demonstrate that laterality left by unilateral Nodal activity (about 95% of wild-type The severity of parapineal ablation was assessed by counting the number of remaining parapineal cells expressing GFP at 96 hpf. Asymmetry of the habenulae was determined by examination of the content of neuropil using anti-acetylated ␣-tubulin antibody at 96 hpf ( Tables 3 and 4) , (left) side and showed connectivity directed to the consuggesting that Nodal activity is not required for the tralateral (left) habenula ( Figure 6D ). Conversely, coelecablation-mediated imposition of laterality. These results troporation of ϰ-tubulin GFPϩ DsRed DNAs in ntl morindicate that in situations where it is likely that left and phant control embryos had no effect on laterality and right sides of the dorsal forebrain are initially equivalent, parapineal migration remained randomized (L ϭ 52%, ablation of ventral epithalamic cells leads to parapineal R ϭ 48%; n ϭ 29) ( Figure 6C ). We therefore conclude migration and expanded habenular development on the that local asymmetric modulation of epithalamic Nodal opposite side of the brain. As we discuss below, this signaling is sufficient to impose laterality on embryos suggests that a competitive mechanism between left that would otherwise develop randomized CNS asymand right epithalamus determines laterality in the dorsal metries. forebrain. Laser Pulses were generated until we are more certain of its orthology with related genes in other with a Grass SD9 stimulator (Grass-Telefactor, West Warwick, RI). species, we have named it habenular EST1 (hest1). Sequence of After electroporation, embryos were cut out from the agarose and the fragment is available from EMBL (accession number AJ558033).
Local Modulation of Nodal Signaling
returned to embryo medium to recover. 34, 346-348.
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